The diagnostic use of the soft X-ray and EUV lines observed with the Solar Dynamics Observatory (SDO) Extreme ultraviolet Variability Experiment (EVE) is discussed. We focus on all the flare lines observed in the 80-640 Å range (mainly due to Fe xviiiFe xxiv), showing their use to measure temperatures, emission measures, densities, and chemical abundances. We discuss their identification at the EVE resolution, by using the latest atomic data, and by assessing possible sources of blending, taking into account higher-resolution solar spectra. We present observations of four flares, and study in more detail the gradual phase peak of the 7 March 2012 X5.6 flare. Good agreement between observations and theory is found in most cases, and the best lines for diagnostics are recommended. We found reasonable densities (10 11.2 cm −3 from Fe xxi lines), but isothermal temperatures (12 MK) lower than those estimated with GOES. We show that EVE can be used to measure relative elemental abundance, and find photospheric argon/iron and calcium/iron abundances. We also show that lines normally formed in the quiet Sun in the low transition region such as O III are the best to study the impulsive phase.
Introduction
The soft X-ray region of the spectrum (60-160 Å) contains the brightest n = 2 → n = 2 transitions from Fe xviii-Fe xxiii (the flare lines). These transitions have been studied extensively in the laboratory (see, e.g. Kononov et al. 1976 and Stratton et al. 1984) , partly because they offer many line ratios that can be used to measure electron densities. Accurate wavelength measurements are also from laboratory spectra, for example from Sugar & Rowan (1995) for lines from the Fe xx-Fe xxiii ions. Kastner et al. (1974) [hereafter K74] reported the first solar spectra (taken in 1969 from and some identifications in the 94-140 Å wavelength region, where strong flare resonance lines from a range of iron ions is present. These iron lines provide a range of diagnostic possibilities, especially of measuring temperatures and densities of the flare plasma. Fawcett & Cowan (1975) later revised the Kastner et al. (1974) identifications, and added several new ones. A good overview of the OSO-5 lines, the relevant atomic data and the diagnostic possibilities of measuring electron densities is given by Mason et al. (1984) .
The n = 2 → n = 2 transitions from Fe xviii-Fe xxiii have also been observed in spectra of active stars with the Extreme Ultraviolet Explorer (EUVE) satellite, and have been used to provide electron densities and temperatures as described for example in Del Zanna (1995) , later summarised in Monsignori Fossi et al. (1996) . Since 1999, the soft X-ray spectral region has been observed with the Chandra Low Energy Transmission Grating (LETG). The flare lines are prominent in active stars (see, e.g. Mewe et al. 2001) .
The Solar Dynamics Observatory (SDO) Atmospheric Imaging Assembly (AIA, see Lemen et al. 2012 ) has been producing stunning broad-band extreme-ultraviolet (EUV) images of the Sun since May 2010, while the Extreme ultraviolet Variability Experiment (EVE) ) has been producing spectra in the 60-1050 Å range with a resolution of approximately 1 Å and a nominal cadence of 10 seconds. The MEGS-A (60-370 Å) has been operating routinely, while the MEGS-B channel (370-1060 Å) has suffered significant degradation above 700 Å and is normally used for observing at lower cadence.
The EVE spectrometer has a potential for a range of diagnostics, only some of which have been explored so far. For the first time it is possible to study the evolution of flares with high cadence using the soft X-rays and EUV lines. For example, Chamberlin et al. (2012) studied the temperature evolutions of different types of flares. Petkaki et al. (2012) presented a detailed study of a small flare, producing electron temperatures from the soft X-ray lines for the first time. Estimates of electron densities have also been made by Milligan et al. (2012b) . Milligan et al. (2012a) pointed out the use of the free-free and free-bound continua for diagnostics, while Hudson et al. (2011) pointed out that Doppler measurements are also possible.
The main aim of this paper is to assess the possible diagnostic use of the soft X-ray and EUV flare lines in the EVE spectra, mostly from Fe xviii-Fe xxiv, to measure temperatures, emission measures (EM), densities, and chemical abundances. This is done by discussing their identification at the EVE resolution, using the latest atomic data, and by assessing possible sources of blending. The enhancements of the flare lines are large, but flare sizes are very small compared to the whole solar disk, so enhancements in the EVE full-disk spectra are very small, often of the order of 10-30% over the background (pre-flare) solar spectrum. It has been common practice in EVE flare studies to subtract a pre-flare spectrum, with the assumption that the lines present during the pre-flare phase would not change during the flare. This is not a very good assumption if the lines of the preflare spectrum are not known, as discussed here.
One problem with the soft X-rays and EUV is that it is a very crowded spectral region, but we have not had solar spectra with sufficiently high resolution to study them in detail over the full X-ray and EUV ranges. Significant advances in the EUV have been made recently thanks to the high-resolution Hinode EIS spectra (see, e.g. the atlas of coronal lines in Del Zanna 2012c).
Within the soft X-rays, Manson (1972) [hereafter M72] provided an excellent list of calibrated soft X-ray irradiances observed in quiet and active (but not flaring) conditions in the 30-130 Å range, at medium resolution (0.16-0.23 Å). Excellent agreement between the quiet Sun spectrum and the EVE prototype spectrum was found below 100 Å (Del Zanna 2012b). The M72 quiet Sun spectrum above 100 Å was recalibrated and has been considered for the present analysis. Behring et al. (1972) [hereafter Be72] published a list of lines in the 60-385 Å region observed with high resolution (0.06 Å); however, only the strongest lines were listed, and the intensities were not calibrated. Malinovsky & Heroux (1973) [hereafter MH73] presented irradiances in the 50-300 Å range with a medium resolution (0.25 Å); these, however, turned out to be incorrectly calibrated, as explained in Del Zanna (2012b). The MH73 spectrum has been recalibrated and has been considered for the present analysis.
Another problem with the soft X-rays has been the lack of atomic data. The soft X-rays are dominated by millions of n = 4 → n = 3 transitions from Fe viii-Fe xvi but almost no atomic data were available, for the Fe viii-Fe xiv ions. These calculations turned out to be far more complex than anticipated (as discussed in Del Zanna et al. 2012b), but have been done within the UK-funded APAP 1 network (O'Dwyer et al. 2012; Liang et al. 2010) . A new calculation for Fe xvi has also been done (Liang et al. 2009 ). Some of the new atomic data have been made available via the CHIANTI v.7.1 release in Sept 2012 (Landi et al. 2012) . We use these CHIANTI data for the present analysis, including the ion 1 www.apap-network.org fractions, calculated under the assumption of ionization equilibrium.
A major problem in the soft X-rays has been the lack of line identifications, in particular for the iron lines. The identification of the iron soft X-rays n = 4 → n = 3 transitions started with the pioneering work by Edlén in the 1930s (see, e.g. Edlén 1937 on Fe x). Edlén's work was extended to the iron 3s 2 3p 2 4l (l =s,p,d,f) levels by the fundamental laboratory work of Fawcett et al. (1972) . Fawcett's plates have been revisited, in light of the new atomic calculations, and several new identifications (including the strongest lines in the soft X-rays) have been presented in Del Zanna (2012b), where comparisons with solar spectra were also given. The new identifications of the main lines have been made available via the CHIANTI v.7.1 release (Landi et al. 2012) . Despite these advances, a significant fraction of the soft X-ray lines are still unidentified.
Observations and results
We have analysed several flares of different classes. Our preliminary analysis used the publicly-available version 2 of the EVE level 2 data products. Several discrepancies between predicted and observed line intensities were found in the 2012 observations. The same analysis has been later performed on the version 3 data, which overall show much better agreement with theory. The changes between version 2 and 3 are significant, with the irradiances in several lines around 100 Å decreased by about 50%, and those of lines at longer wavelengths (around 580Å) increased by about 50%. The version 2 calibration included correction factors for the wavelength-dependent instrument degradation partly based on the 15 May 2010 rocket calibration data. Version 3 includes improved degradation corrections using the daily filter and CCD in-flight calibrations and also the addition of the results from another calibration rocket flight in 2011.
For each flare, we have measured the irradiances in a number of lines and obtained light curves, used to then estimate four typical regions, a pre-flare, one during the impulsive phase peak, G. Del Zanna and T.N. Woods: Spectral diagnostics with the SDO EVE flare lines one during the gradual phase peak (maximum Fe xxi emission), and one later on during the gradual phase decline.
The strongest lines are visible even in C-class flares, as shown in Petkaki et al. (2012) . They allow estimates of the electron temperature. However, to estimate densities, large X-class flares are better, since the density-sensitive lines are very weak. We have analysed a few flares, but present in detail here only the results pertaining to one of them, the largest flare observed by both MEGS-A and MEGS-B to date. It occurred on 7 March 2012. It was a large flare (X5.6) with an associated coronal mass ejection (CME). For this flare, we have also considered the impulsive phase peak.
Some of the other flare spectra analysed are shown in the Appendix. They include the largest flare observed by EVE on 9 August 2011, an X6.9 class, and two smaller ones, an M5.4 class on 6 Nov 2010, and an M2.0 class, on 12 June 2010. Figure 1 shows the light curves of several EVE lines, ordered by the approximate temperature of formation. It is interesting to note the large increases (up to a factor of 2) in the low transition-region (TR) lines such as O iii during the impulsive phase peaks (there were two for this flare). That TR lines show the impulsive phase very well was well-known from observations with the Solar Maximum Mission (SMM) satellite. For example, very good temporal (down to 1s) and spatial correlation between the brightenings of TR lines and hard X-ray emission was found (see, e.g. Cheng et al. 1981; Poland et al. 1982; Woodgate et al. 1983) . These enhancements are thought to be due to thermal and nonthermal excitation of the lines in the chromosphere by energetic electrons and particles and the sequential heating and expanding of the chromosphere. What EVE clearly shows (for the first time to our knowledge) is that TR lines formed at higher temperatures show a progressively smoother behaviour, with smaller increases. The chromospheric helium resonances lines also have a smoother behaviour.
The coronal lines formed around 1-2 MK mainly show small decreases during the gradual phase, associated with the CME and the coronal dimmings. Many smaller flares do not show such decreases in the coronal lines, which normally do not show any changes (see Appendix A). The flare lines behave as usual, with the highest temperature lines peaking first, and the lower lines at progressively later times, a product of the cooling (Petkaki et al. 2012) .
The dashed lines in Fig. 1 indicate the four regions selected (pre-flare, impulsive phase peak, gradual phase peak, and gradual phase decline). For each region, an average spectrum was obtained. The four spectra are shown superimposed in Fig. 2 . Aside from a clear continuum enhancement, it is clear which lines are enhanced during the flare. A summary of the main flare lines is given in Table 1 (we only consider flare lines those formed above 5 MK). It is also clear that in the vast majority of cases the increases in the irradiances are not very large. These become much smaller for M-and C-class flares, hence a careful discussion of the pre-flare spectrum is needed, to assess if some contribution to the increase could be caused by lines formed at lower temperatures.
To assess how well the experimental intensities compare with the predicted ones, we have subtracted the pre-flare spectrum from the peak flare spectrum, and obtained line irradiances by removing a continuum emission. We then use the irradiances to produce emissivity ratio curves (introduced in Paper I, Del Zanna et al. 2004) . These curves are obtained by dividing the observed intensities of the lines with their predicted emissivity as a function of the electron density, calculated at a fixed temperature, and normalised to 1. The crossing (or small spreading around 1) of the curves indicates agreement between observed and predicted line intensities. Significant offsets from unity indicate disagreement which could be related to blends in the observed emission lines, to calibration concerns with the observed emission, or to inaccuracies of the atomic emissivities. The emissivity ratio curves relative to the main Fe xix-Fe xxii EVE lines are shown in Fig. 3 .
We now discuss the main flare lines, ion by ion.
Fe xviii
The main atomic data for this ion are from the UK Rmax/APAP work of Witthoeft et al. (2006) . The Fe xviii ion produces two strong decays from the same upper level, at 93.92 and 103.94 Å.
The first is a much stronger line, so it is normally preferred over the second one. The 93.92 Å line, in quiet Sun (QS) conditions, is blended with several transitions from Fe viii, Fe ix, Fe x, Fe xiv, as well as an unidentified line. A thorough discussion is presented in Del Zanna (2012b) and Del Zanna (2012a). The only known line that can give a small contribution during a flare is a newly identified Fe xiv line (Del Zanna 2012b). During the gradual phase peak of a flare, up to about 10% of the observed 93.8 Å intensity is due to an Fe xx 93.78 Å line, which is strongly density-sensitive above 10 11 cm −3 (see below). In normal QS conditions, EVE observes a strong line around 103.6 Å, which is a blend of many transitions. The brightest line is an Fe ix 103.58 Å, followed by the 102. 97, 103.16, 103.89, and 104 .39 Å lines. The first two are partly due to Ne viii at 102.91 and 103.08 Å, while the others are largely unidentified, although there are two significant Fe xiii lines at 103.72 and 103.93 Å. During the gradual phase the Fe xviii 103.94 Å line most likely dominates the blend.
Fe xix
The main atomic data for this ion are from Gu (2003) . The Fe xix ion produces various lines in the EVE spectral range, with no significant density diagnostics. The 108.35 Å line is the strongest and best for EM analysis, but it is unfortunately blended with the Fe xxi 108.12 Å line and perhaps other lines as well. The intensity of the Fe xxi line is, however, normally small, of the order of 10%, and could, in principle, be estimated via a branching ratio with the 117.50 Å line. However, this line is severely blended (actually it is mostly due to Fe xxii, see below). The best way to estimate the Fe xxi line is, therefore, to use the strong 128.75 Å line, although above 10 11.5 cm −3 the 108.12/128.75 Å ratio is slightly density sensitive. In the QS, EVE observes a line at 108.21 Å, a blend of two partly unidentified transitions observed by M72 at 108.00 and 108.53 Å. The first is mostly due to Notes. λ obs and λ (Å) are the measured (by EVE) and experimental wavelengths, T max (in logarithm) the approximate temperature of formation of the ion in equilibrium; bl means the line is blended.
Fe viii 108.08 Å and several Fe xii transitions, while the second is possibly partly due to a Fe xii transition (Del Zanna 2012b). The 91.01 Å line is weak and contributes less than half to the observed flare line around 91.0 Å. In QS conditions, there are several transitions from Fe x, Fe xi, and Fe xii around 91.0 Å, as shown in Del Zanna (2012b). In AR conditions, there are also at least contributions from Fe xiii, Fe xvi, and O vii. These transitions increase with density. The Fe xix 101.55 Å line is located in the blue wing of the stronger Fe xxi 102.22 Å, and so is difficult to measure. In QS conditions, EVE observes a strong line at the same wavelength, 101.55 Å. Del Zanna (2012b) identified it as a strong Fe xi transition which increases significantly with density; however, only about half of the observed intensity was accounted for. There is also a possible Fe xiii transition at 101.63 Å. The 109.98 Å line is weak and blended with the Fe xx 110.63 Å.
The 111.69 Å line is not very strong and is clearly blended in the EVE spectra on its red wing, most probably with the strong resonance Ni xxiii 111.83 Å line. It is difficult to estimate the Ni xxiii intensity, given that the other lines are much weaker; however, simple emission measure estimates suggest that this line could have an intensity comparable to the Fe xix line (the weak line around 92. Å could also be due in part to the Ni xxiii 91.87 Å line). In QS conditions, EVE observes a strong line at 111.5 Å. Solar spectra show many lines, with the strongest at 111.26, then at 111.56 and 111.72 Å. These lines are still unidentified, although some contribution comes from two Fe ix lines at 111.71 and 111.79 Å. Behring et al. (1972) identified the two lines at 111.56 and 111.72 Å with two Mg vi transitions.
The 119.98 Å line is weak, but appears to be unblended, although a Si xii 119.82 Å line is expected to provide a small contribution. There is a weak line at 106.32 Å which in principle could offer a way to measure densities; however, this line appears to be blended. There is also a weak line at 132.62 Å which is blended with the stronger Fe xxiii and Fe xx lines (see below). Its intensity is approximately 5% the intensity of the unblended 108.35 Å line. Finally, the 592.2 Å is clearly visible in MEGS-B. With the version 3 EVE data, excellent agreement with the other lines is found (with the version 2 data, the intensity of this line was about 50% too low). In small flares, this line is blended with an Fe xii 596.6 Å identified by Del Zanna & . In summary, the 108.35 Å line is the recommended line because of its strength (provided that the Fe xxi contribution is removed), together with the much weaker 119.98 Å line.
Fe xx
The main atomic data for this ion are from the UK Rmax/APAP work of Witthoeft et al. (2007) . The 121.85 Å is the strongest Fe xx line, after the 132.84 Å line (blended with Fe xxiii, see below). It is the best line to use for EM analyses, but it is clearly blended in its red wing with a weaker line, which is also visible in the QS EVE spectra around 122.5 Å. Behring et al. (1972) reports an unidentified line at 122.72 Å. If this line were due to Ne vi, it would increase during the impulsive phase. The 121.85 Å line is blended with a weak Fe xxi line (see below) in its blue wing. The third strongest Fe xx line is at 118.68 Å. This line is clearly blended. One possibility in principle would be the Ni xxiv 118.47 Å line. However, this line has a predicted intensity similar to the Ni xxiv line at 88.61 Å, a line that is within the noise level, so the 118.47 Å line should also be very weak. There is also a further blend in the blue wing of the 118.68 Å line.
The Fe xx lines offer, in principle, the possibility of measuring electron densities above 10 11 cm −3 , with the well-known 110.63/121.85 Å ratio. The 110.63 Å line is however weak, and the 113.35 Å line (also weak) is a better density diagnostic, indicating 10 11.5 cm −3 . The 93.78 Å line is blending the stronger Fe xviii line. This line is strongly density-sensitive above 10 11 cm −3 , and to estimate its intensity the best solution is to consider the ratio with the 110.63 Å line.
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Two further lines are observed in MEGS-B, at 384.2 and 567.85 Å. With the EVE version 2 data, the 384.2 Å line intensity is in good agreement with theory, but with the version 3 calibration its intensity is about 50% too high. The 384.2 Å line is blended with two C iv transitions at 384.03 and 384.18 Å and a Mn xv 384.74 Å. The C iv lines are expected to have an enhancement during the impulsive phase, but they are intrinsically very weak, so the Fe xx should dominate the blend. With the EVE version 2 data, the intensity of the 567.85 Å line was about 50% too low. Very good agreement with the other lines is found when the version 3 calibration is used instead. The 567.85 Å line offers a good density diagnostic, although it is blended with a Ne v 568.42 Å line, which most likely will have an enhancement during the impulsive phase. During the gradual phase peak, the Fe xx line should dominate, and indeed the emissivity ratio curve is consistent with densities of the order of 10 11 cm −3 .
Fe xxi
The main atomic data for this ion are from . The Fe xxi ion offers excellent density diagnostics, as described in Mason et al. (1979) . By far the strongest transition from this ion is the 128.75 Å line. It is the only clearly observable line that is a decay to the ground state. In the MH73 quiet Sun spectra there are only few weak lines at 128.49, 128.69, 128.92, and 129.22 Å, so the Fe xxi line should be relatively free of blends. The 102.22 Å line is the second strongest line, but with an intensity only about 30% the 128.75 Å line. In the QS spectra, there is a relatively strong line at 102.12 Å, and a weaker one at 102.44 Å. There is a host of Fe x, Fe xi, Fe xvi, and O viii lines at these wavelengths, which partly account for the observed lines (Del Zanna 2012b). Above 10 11.5 cm −3 , the 108.12/128.75 Å ratio becomes slightly density sensitive; however, the main diagnostic lines are the 121.21 and 145.73 Å lines, although these two are very weak. The first is in the blue wing of the stronger Fe xx 121.84 Å line in flare spectra. In the MH73 quiet Sun spectrum, there are two weak lines at 121.13 and 121.41 Å; the second is possibly due to a 3d-4p Fe xi transition. Del Zanna (2012b) suggested a possible different identification for this line, but if the 121.41 Å line were the Fe xi transition, then it would increase at high densities. The second line at 145.73 Å should provide the best density diagnostic for EVE, according to Milligan et al. (2012b) . This line is however clearly blended on the blue side in EVE spectra. In quiet Sun MH73 spectra, there is a strong line at the same wavelength, 145.73 Å, plus two weak lines at 145.59 and 146.11 Å. The first line is probably due to a Ni x transition at 145.733 Å, as will be discussed in a separate paper, while the other two are unidentified. We note that Kastner et al. (1974) reported a wavelength of 145.66±0.05 Å, while Sugar & Rowan (1995) measured 145.733 Å, but noted that the Fe xxi line was blended with Ni x. One additional problem with the 145.73 Å line is that this line does not always vary with time as an Fe xxi line.
There is also a self-blend of Fe xxi lines at 142.14 and 142.28 Å, but the ratio with the 128.75 Å line is only sensitive at densities greater than 10 12 cm −3 , as shown in Fig. 3 . The self-blend is located in a region where in the QS there are only weak lines. In the MH73 spectrum, we measured three lines at 141.85, 142.23, and 142.65 Å, the last one due to Fe x. Behring et al. (1972) In summary, the best diagnostic is the 145.73/128.75 Å ratio, considering the diffculty in measuring the 121.21 Å line. The Fe xxi lines are sensitive to a wide range of densities, and indicate a value of about 10 11.2 cm −3 . However, as in previous cases, all the weak lines are blended with unidentified lines, hence any densities obtained should be regarded as upper limits. Despite that, the measured densities are somewhat small for such a large flare. For EM analysis, the best line is the 128.75 Å, although as Fig. 3 shows, this line has an emissivity that decreases above 10 11.5 cm −3 , hence such densities (or higher) should be taken into account when calculating the line emissivity for EM analyses, for example.
Fe xxii
The main atomic data for this ion are from . The Fe xxii ion has two strong decays to the ground, at 117.15 and 135.79 Å. The first line is blended in flare spectra with Fe xxi. In its red wing, the line is expected to be blended with the Ni xxv 117.94 Å resonance line. The Fe xxii 135.79 Å line is relatively free of blends because it falls in a spectral region where there are no strong lines in QS spectra. The Fe xxii 135.79 Å is, therefore, the recommended line for EM analysis.
Above 10 11.5 cm −3 , the 114.41 Å line becomes visible and in principle could provide a way to measure densities in combination with the 135.79 Å line, although the sensitivity is not as good as in the Fe xxi case. Also, the 114.41 Å line is clearly blended on its blue side with a line around 113.8 Å that increases its intensity during flares. Mason et al. (1984) identified the 156.0 Å line as due to Fe xxii. This line would be a better density diagnostic, but appears to be blended, because it provides a very high density. In QS spectra, there are two well-known strong Fe ix 3d-4f transitions (see O'Dwyer et al. 2012 for a list and the relevant atomic data), at 113.79 and 114.02 Å (blended with an Fe x 114.08, (Del Zanna 2012b)), plus a very weak one at 114.11 Å. However, at flare densities of 10 11 cm −3 , the intensity of this last line increases, becoming about 20% the intensity of the other two lines.
Fe xxiii
The main atomic data for this ion are from Chidichimo et al. (2005) . The Fe xxiii 132.906 Å resonance line is blended with the Fe xx 132.84 Å transition, the strongest line from Fe xx. During the gradual phase decline, the contribution of the Fe xx to the blend increases. The Fe xx 132.84 Å line is a straight decay to the ground state, and its intensity can be estimated from the intensity of the other decay to the ground at 121.84 Å. This ratio is not density sensitive, and its value mainly depends on the accuracy of the excitation cross sections for the two upper levels, so the Fe xxiii can be deblended quite accurately.
The Fe xxiii intercombination line at 263.7 Å is observed by MEGS-A. This line, at the EVE resolution, is close to the strong Fe xvi 263.0 Å and Fe xiv 264.8 Å lines, and it is difficult to fit. The Fe xxiii 263.7 Å line is blended with S x 264.2 Å, a coronal line not expected to vary significantly during the flare. The ratio of the resonance and intercombination lines is, in principle, an excellent temperature diagnostics, as discussed in Del Zanna et al. (2005); however, the temperatures obtained from this ratio are too low. With the EVE version 2 calibration, a large discrepancy in the observed vs. predicted 132.9/263.7 Å ratio is present. The new version 3 calibration reduces the intensity of the resonance 132.9 Å line by over 30%. Agreement with theory would be obtained by further reducing the 263.7 Å line by about 30%. It is, therefore, recommended that the resonance 132.9 Å line be used for emission measure analysis.
Fe xxiv
The EVE instrument observes the important Fe xxiv 192 and 255.1 Å doublet. These lines are clearly visible only in large flares, because they are normally severely blended, as discussed in Del Zanna et al. (2011) . For large flares, the Fe xxiv is expected to dominate. The Ca xvii 192.9 Å resonance line is on the blue-wing of the Fe xxiv 192 Å and has been removed by fitting. The 192 Å line also has residual contamination from Fe xi and O v, but it is expected to be negligible for large flares during the gradual phase peak. The 255.1 Å line is blended with various transitions, the main one being Fe xvii at 254.8 Å. The Fe xvii 254.8 Å is, however, expected to be weak since the Fe xvii 204.7 Å is not normally visible. These two lines are the strongest Fe xvii lines in the EVE spectral range (Del Zanna & Ishikawa 2009 ).
The CHIANTI atomic data for this ion are partly from Berrington & Tully (1997) . Liang & Badnell (2011) recently performed a larger R-matrix calculation for this ion, as part of the APAP-network work. Here we have used the Liang & Badnell (2011) data, noting however that for the doublet little differences in the absolute and relative intensities are present when compared to the previous ion model. In fact, the CHIANTI Fe xxiv 192 / 255.1 Å predicted ratio is 1.85 (photons) while the Liang & Badnell (2011) ratio is 1.9.
The EVE version 3 calibration increases the intensities of these lines by about 20%. The observed ratio for the 7 Mar 2012 gradual phase peak is 1.5 with version 3 and 1.6 with version 2, i.e. not far from the expected ratio (assuming optically thin emission). The ratio can be brought into agreement by reducing the 255 Å irradiance by 30%. It is recommended that the stronger 192 Å line be used for emission measure analysis.
Other lines
There are a number of Fe xvii lines that could, in principle, be observed, as discussed in Del Zanna & Ishikawa (2009); however, they all turn out to be too weak to be observed with EVE. The resonance line from Ca xviii at 302.2 Å is clearly observed in the blue-wing of the He ii 304 Å. It is blended with a Ni xiv 302.27 Å. However, during the gradual phase peak of flares, the Ca xviii line is expected to dominate the blend.
There are two Ar xvi lines that can be used to estimate the argon/iron abundance during flares. The 353.92Å line is blended with a density-sensitive Fe xiv 353.83 Å line, and the 389.14 Å is blended with an Fe xvii 389.11 Å line (Del Zanna & Ishikawa 2009) , and on the red wing by another line, possibly Cr xiv at 389.81. For the gradual phase peak, the increases in both lines are, however, expected to be mainly due to Ar xvi.
The observed intensity of the Ni xxvi resonance line at 165.37 Å is stronger than predicted from the EM modelling, assuming that the Fe xxiv emission is correct (see below). This could be due to a blending or to the presence of a hotter component. Finally, there are still several weak unidentified flare lines in the EVE spectra.
2.9. Temperatures, emission measures, and abundances In order to have an estimate of the temperature, EM, and relative abundances for the gradual phase peak, we start by considering the EM loci curves (see Del Zanna et al. 2002 for an explanation of the method). They have been obtained with the Asplund et al. (2009) photospheric abundances, and are shown in Fig. 4 . First, it is interesting to notice that the curves relative to Fe xviii-Fe xxiv all intersect around 12 MK, with the exception of the two Fe xxiii lines, shown as dot-dash. This would be consistent with a near-isothermal plasma at 12 MK. The discrepancy between the Fe xxiii and Fe xxiv lines was quite significant when the version 2 data were used. With the version 3 calibration, there is only a 30% disagreement between the two resonance lines (Fe xxiv 192.0 Å and Fe xxiii 132.9 Å).
Second, we note that the curves pertaining to the Ca xviii 302.2 Å resonance line and the two Ar xvi lines are in good agreement (within a relative 30%) with those from the iron ions, indicating photospheric abundances. This is an important result. We note that argon is a high first ionisation potential (FIP) element, while iron is a low FIP, so the iron/argon relative abundance can be used as a proxy to estimate the elemental abundances, one of the many unsettled issues in solar flare physics.
The discrepancy in the Fe xxiii lines is reflected in the isothermal temperatures that can be obtained from EVE line ratios. As Fig. 4 shows, if the Fe xxiii lines are used in conjunction with Fe xviii-Fe xxii lines, they provide higher temperatures (where the curves cross) than those obtained with all the other To illustrate that these discrepancies do not occur only during the gradual phase peak, we have calculated the isothermal temperature for a few lines ratios. We have subtracted the preflare irradiances before taking the ratios, and calculated the theoretical ratios assuming ionization equilibrium as usual. The results for three line ratios are shown in Fig. 5 . If the Fe xxiii and Fe xxi lines are considered, for example, the peak isothermal temperature reaches 15 MK. However, if Fe xxii and Fe xx lines are considered (for example), the peak isothermal temperature is slightly lower, about 13 MK. The Fe xxiv vs. Fe xx ratio indicates reasonable agreement with the Fe xxii vs. Fe xx ratio.
We note that isothermal temperatures obtained from the GOES X-ray fluxes are much higher, reaching temperatures above 20 MK. Figure 5 shows the isothermal temperatures obtained from GOES using CHIANTI v.7 atomic data and photospheric abundances (White et al. 2005) , scaled down by a factor of two.
We also note that higher temperatures would be expected on the basis of the Feldman et al. (1996) study, although it appears (H. Hudson, priv. comm.) that flares of this last solar maximum might have lower temperatures than those of previous cycles. The other flares we analysed show a similar behaviour, with the differences between the EVE and GOES isothermal temperatures decreasing for smaller flares. Good agreement between the EVE temperatures and those from GOES was indeed found for a C-class flare (Petkaki et al. 2012) . The GOES satellites are broad-band instruments, so they are expected to be dominated by continuum emission, especially in large flares where it is known that continuum emission increases significantly. It is therefore possible that the GOES temperatures are higher because of the continuum. Given the nature of large flares, where several different structures contribute to the emission, it would be natural to expect a multi-thermal distribution of temperatures, a possibility that will be explored in a separate paper, where line and continuum emission of different flares will be combined.
Conclusions
The calibrated EVE irradiances have allowed us, for the first time since OSO-5, to assess the atomic data using solar observations. Good overall agreement between predicted and observed line ratios is found once all the blends are taken into account. This provides confidence in the reliability of the atomic data. However, the benchmark and comparison with quiet Sun spectra has clearly shown that more work is needed to provide atomic data and identifications in the soft X-rays, given that a number of lines that potentially blend the EVE flare lines are still unidentified. Despite this, we have clearly shown that EVE has a great potential to measure electron temperatures and emission measures at very high temporal cadence. Measurements of electron densities are more difficult, but there are several potential diagnostic possibilities, once blending and calibration issues are sorted out. Currently, the best diagnostic ratio is the Fe xxi 145.73/128.75 Å, although measurements are limited to large flares.
We have also found that it is possible to estimate the relative argon/iron and calcium/iron abundances during the gradual phase peak of a flare, using the Ar xvi and Ca xviii lines. These are important diagnostics. The X5.6 flare showed photospheric abundances, and relatively low electron densities and temperatures.
The new version 3 EVE calibration removed all the main discrepancies between observation and theory, although a few still remain and will need to be investigated further. Understanding the discrepancies between the EVE and GOES isothermal temperatures is beyond the scope of this paper, and a full analysis is left to a future paper. During the impulsive phase, departures from ionization equilibrium could occur. However, during the gradual phase, when densities are high, equilibrium should hold, as commonly assumed in most analyses. It is therefore possible that the GOES isothermal temperatures are biased by the continuum emission, or that additional high-temperature emission is observed by GOES and not EVE.
Above all, the great potential of the EVE spectra is the possibility of measuring with high temporal cadence the evolution of lines formed at different temperatures. We have clearly seen that lines normally formed in the quiet Sun in the low transition region such as O iii are the best to study the impulsive phase. 
